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Purpose:This study was conducted to evaluate the long-term outcomes of surgical treatment for atypical aortic coarctation
due to Takayasu’s arteritis and to elucidate the factors that affected outcome.
Methods: The outcomes of surgical treatment for atypical aortic coarctation complicating Takayasu’s arteritis in 33
consecutive patients over the previous 44 years at our institution were reviewed retrospectively. Preoperatively, 29
patients had coarctation proximal to the renal arteries and hypertension in the upper half of the body. Four hospital
deaths occurred, and the remaining 29 patients were followed from 0.5 to 42.0 years (median, 17.9 years). The impacts
of several risk factors on survival as well as cardiac and vascular events were analyzed.
Results: Among 27 initial survivors who had hypertension preoperatively, 15 did not show normalization of blood
pressure. The overall cumulative survival and event-free survival rate at 20 years were 62.3% and 58.4%, respectively.
Serious long-term complications were anastomotic aneurysms, congestive heart failure, cerebrovascular accident, graft
deterioration, abdominal aortic aneurysms, and renal failure. Among several risk factors analyzed, only the presence of
postoperative hypertension had an effect on event-free survival.
Conclusions: The long-term survival after surgery for atypical aortic coarctation was satisfactory. However, our study
showed that complications associated with cardiovascular system or the operation could occur at any time after surgery;
thus, life-long follow-up is mandatory. Further, the absence of normalization of blood pressure after surgery was a poor
prognostic factor. Our results demonstrate the need for an intimate preoperative evaluation of renal and carotid artery
lesions, which often coexist and may also cause secondary hypertension, to fully manage hypertension by surgery. (J Vasc
Surg 2005;41:597-601.)Aortic coarctation is typically located either proximal or
distal to the ligamentum arteriosum in the aortic isthmus,
whereas atypical aortic coarctation (AAC) has been re-
ported to occur anywhere along the length of the aorta
except for the ascending aorta.1,2 AAC is a rare condition
associated with Takayasu’s arteritis (TA), fibromuscular
dysplasia, congenital hypoplasia, and atherosclerosis,2-4
and is characterized by symptoms caused either by second-
ary hypertension in the upper half of the body or hypoten-
sion in the lower extremities.
Surgical interventions have been performed to amelio-
rate complications that would adversely affect the quality of
life or life expectancy of patients with AAC.5-8 However,
the long-term outcome of surgical treatment over several
decades has rarely been described for this particular disease,
which mainly affects younger patients. In the present study,
we elucidate the long-term outcomes of our patients who
underwent surgical treatment for AAC and discuss the
factors that had an effect on outcome.
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Patients. Between 1960 and 2004, 36 patients with
AAC underwent surgical treatment at The University of
Tokyo Hospital, conducted by the Second Department of
Surgery or the Department of Cardiothoracic Surgery. In
33 of the 36 cases, TA was confirmed by characteristic
clinical and radiologic criteria, as reported by Ishikawa.9 In
the remaining three cases (men in their 20s), the diagnosis
could not be confirmed because they did not match those
criteria and tissue samples were not harvested during oper-
ation.
As shown in Fig 1, the number of patients was relatively
large in the 1960s and 1970s and showed a decreasing
trend thereafter. The most frequently affected site was the
descending aorta, followed by the juxta-renal or juxta-
visceral branch aorta and infrarenal aorta.
Perioperative demographic data, including inflamma-
tory variables, blood pressure, angiographic findings, and
types of performed procedures, were collected retrospec-
tively from medical records and are listed in Table I.
Surgical methods. Two surgeons performed most
operations, except for several cases in more recent years,
and all operations were elective. An aorto-aortic bypass was
performed in 19 of 21 patients with lesions in the descend-
ing aorta, in 8 of 9 patients with a juxta-renal lesion, and in
1 of 3 patients with a lesion in the infrarenal aorta. Graft
replacement of the descending aorta was performed in a
patient with a descending aortic lesion accompanied by an
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other four patients.
Concomitant procedures included reconstruction of
renal arteries in 9 patients, carotid arteries in 3, and subcla-
vian artery, celiac artery, and superior mesenteric artery in 1
patient each. In one patient, aortic arch replacement was
performed for an arch aneurysm.
For the bypass procedures we used Tetron until 1965,
Teflon from 1965 to 1974, and knitted Dacron from 1975
to 2003 for grafts that ranged from 10 to 16 mm in
diameter. Interrupted silk sutures were used before 1973,
interrupted braided polyester sutures between 1974 and
1979, and continuous polypropylene sutures from 1980.
When preoperative angiography revealed stenosis in the
renal arteries, their reconstruction was performed by all
means.
Inflammation. The erythrocyte sedimentation rate
(ESR) and the serum C-reactive protein (CRP) level were
measured preoperatively as an index of inflammatory activ-
ity. Before 1984, CRP level was recorded in terms of
negative (–) or positive () (or 2 or 3); then from 1985,
the exact values were recorded. ESR 20 mm/h and
CRP or levels 0.4 mg/dL were considered as positive
for inflammation, regardless of corticosteroid therapy.
Blood pressure. Blood pressure in the four extremi-
ties was measured pre- and postoperatively in all patients.
When bilateral subclavian arterial stenosis was present, the
pressure at the proximal aorta measured during angiogra-
phy substituted for blood pressure in the upper extremities.
In 19 patients, blood pressure in the lower extremities was
not measurable, reflecting profound hypotension in the
lower half of the body. Hypertension was defined as systolic
blood pressure140 mm Hg and/or diastolic blood pres-
Fig 1. Patients who underwent surgical treatment for atypical
aortic coarctation. Numbers in the parentheses represent operative
deaths.sure 90 mm Hg.Follow-up. Four patients died in-hospital, and an-
other patient was lost to follow-up at 6 months after
hospital discharge. The remaining 28 patients were fol-
lowed up for 0.7 to 42 years (median follow-up, 20.3 years)
until death: 12 patents at our institution and at other clinics
for 16 patients. There was no consistent method of medi-
cation or regular check-up. For patients followed up at
other clinics, events after discharge were inquired by tele-
phone. The present study covers an extensive period of
time, during which different therapeutic approaches and
methods were available, with antihypertension and anti-
inflammatory treatments given when needed to the extent
possible in accordance with the era.
Statistical analysis. The Kaplan-Meier method was
used to evaluate cumulative survival rate after surgery,
event-free survival, and incidence of anastomotic aneurysm.
Survival rates are expressed as the mean standard error of
the mean. Cardiovascular, cerebrovascular, and renal com-
plications were considered as events when event-free sur-
vival was calculated, whereas complications in the gastroin-
Table I. Patient characteristics
Sex
Female 29 (88%)
Male 4 (12%)
Age at surgery (yrs)* 32.6  2.5 (16-78)
Inflammation at Surgery
Present 20 (61%)
Absent 13 (39%)
Hypertension in the upper half of the body
Present 30 (91%)
Normalized at discharge 16 (59%)
Persisted at discharge 11 (41%)
Absent 3 (9%)
Blood pressure in the upper extremities
(mmHg)*
Preoperative 183.8  5.5
Postoperative 149.3  5.1
Symptom at presentation
Hypertension 23 (70%)
Easy fatigability 5 (15%)
Headache 5 (15%)
Lower extremity claudication 5 (15%)
Syncope 4 (12%)
Visual disturbance 3 (9%)
Abnormal radiograph 2 (6%)
Dizziness 1 (3%)
Toe pain 1 (3%)
Other vascular lesions/cases of
condominant repair
Stenosis/occlusion
Renal artery 9 (27%)/9
Carotid artery 5 (15%)/3
Subclavian artery 5 (15%)/1
Celiac/SMA 2 (6%)/2
Aneurysm
Descending 1 (3%)/1
Aortic arch 1 (3%)/1
Innominate artery 1 (3%)/0
SMA, Superior mesenteric artery.
*Data are mean  SEM (range).testinal or respiratory system were not. Comparisons of
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.05 was considered to be significant.
Results
The causes of four hospital deaths, all of which oc-
curred in the early period, were bleeding in 2, pneumonia
in 1, and renal failure in 1. There were 29 initial survivors
and all, except for two with coarctation in the infrarenal
aorta, had hypertension in the upper half of the body before
surgery. All of those hypertensive patients had systolic
hypertension, and 24 (89%) also had diastolic hypertension.
No patient had sole diastolic hypertension both pre- and
postoperatively. Of those hypertensive patients, 20 (74%)
showed normalization or a significant drop of blood pres-
sure to 75% of the preoperative value after surgery. Hy-
pertension persisted in 15 (51.7%) at discharge, however.
Every patient had a postoperative angiographic exami-
nation before hospital discharge that demonstrated the
graft patency. Further, significant pressure gradient dis-
solved in all cases. The pressure gradient was 18 mm Hg at
the maximum, and the blood pressure in the lower extrem-
ities was 118 mm Hg at the minimum, after surgery.
As for inflammation, the mean ESR value was 31.5 
3.3 mm preoperatively in the inflammation-positive group
and 6.8  1.5 mm in the inflammation-negative group.
Overall survival. During the follow-up period, 11 late
deaths occurred from heart failure (3 patients), cerebrovas-
cular accident (3 patients), anastomotic aneurysm (2 pa-
tients), and a bleeding stomach, a hemodialysis-related
complication, and hepatic cancer in 1 patient each. The
overall cumulative survival rates at 10, 20, and 30 years
were 78.0%  7.9%, 62.3%  9.5% and 56.0%  10.4%,
respectively (Fig 2).
Late complications and event-free survival. Table II
lists the breakdown of 25 events, including 23 cardiovas-
cular, which occurred in 22 patients during follow-up and
the time of their occurrence. There were, unexpectedly,
Fig 2. Survival curve, not including hospital deaths, after surgical
treatment in 29 patients. The number of patients alive at the
beginning of each follow-up period is given in parentheses. The
dotted line represents range with standard error of the mean10%.many late complications, with 10-year and 20-year event-free survival rates calculated to be 70.6% 8.8% and 58.4%
 9.7 %, respectively.
The most common complication was anastomotic an-
eurysm, experienced by 10 patients (34%), which occurred
at various times after surgery. The interval between opera-
tion and diagnosis was from 2.0 to 37.0 years (mean, 16.6
 4.2 years). They were diagnosed by plain radiography,
followed by computed tomography examinations or an-
giography, and at the time of rupture in 2 patients. The
cumulative incidence of anastomotic aneurysm was 12.2%
at 10 years, 21.2% at 20 years, and 37.3% at 30 years.
No statistical significance was evident when the inci-
dence curves were compared with factors of systemic in-
flammation (P  .86), surgery before 1970 (P  .68),
suture with silk braid (P .53) ; patch plasty (P .22), or
postoperative hypertension (P  .17).
Heart failure occurred in three patients and was the
second most frequent complication; none was associated
with valvular heart disease. In two of those patients, intrac-
table hypertension persisted after surgery, whereas severe
hypertension persisted for several decades in the other
patient, until she finally underwent surgery at the age of 60.
Further, blood pressure was not normalized after surgery
for AAC in the five patients who experienced cerebrovas-
cular accident or abdominal aortic aneurysm.
Graft deterioration occurred in two patients. In one
case, a pseudoaneurysm due to a rupture of the graft was
incidentally found 37 years after surgery, and localized graft
expansion up to twice the original size was noticed 21 years
later in the other. Both grafts were made of Teflon.
Late events in the circulatory system were experienced
more frequently than expected; thus, to elucidate risk fac-
tors that might affect long-term event-free survival, we
compared cumulative event-free survival curves for the
eight dichotomous variables of sex, age at surgery (/30
years), the era in which surgery was performed
(/1971), inflammation at surgery, preoperative severe
hypertension (/200 mm Hg), postoperative hyperten-
sion, the type of performed procedure (bypass surgery or
other), and the size of the graft (12 mm or 14 mm).
There were no statistically significant differences according
to sex (P .63), age (P .98), era (P .43), inflammation
(P  .63), preoperative severe hypertension (P  .32),
procedure (P  .73), graft size (P  .59), and renal artery
stenosis/reconstruction (P  .88). On the other hand,
only postoperative hypertension (P  .028) was a statisti-
cally significant predictor of late events, as shown in Fig 3.
Discussion
AAC is a rare development that accounts for only 2% of
aortic coarctation in Western populations.3 There are sev-
eral reported causes, among which TA, fibromuscular dys-
plasia, and congenital hypoplasia occur most often.3,10
Although AAC is a common form of TA—surveillance by
the Ministry of Health of Japan reported in 1991 that
surgery for AAC due to TA made up 15.9% of surgically
treated TA11—the absolute number of surgical cases of
AAC is also small in Japan, whereas the incidence of TA is
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TA over a 44-year period, whereas AAC due to other causes
was much rarer over the same time period.
The chief characteristics of AAC are secondary hyper-
tension in the upper half of the body due to renal hypoten-
sion and increased systemic resistance, causing increased
heart load, as well as hypotension of the lower half of the
body, causing claudication. Surgical treatment is generally
warranted for this disease, because the prognosis is poor
when left untreated. Cohen et al10 reported that most
patients with AAC in the abdominal aorta died by age 35 as
a result of complications from untreated hypertension.
For surgical treatment, extra-anatomical bypass, aortic
patch plasty, anatomic graft interposition, and stent-graft
insertion12 procedures have been reported. Among those,
an aorto-aortic bypass has been the most frequent choice,
because of the difficulties in anatomic repair due to a longer
segment of the affected aorta or severe calcification of
diseased aorta,10,11,13 whereas typical aortic coarctation is
usually repaired by resection of the stenotic segment and
Table II. Serious events that occurred in the follow-up pe
N
Anastomotic aneurysm 10
Heart failure 3
Cerebrovascular accident 3
Abdominal aortic aneurysm 2
Graft deterioration 2
Renal failure 1
Anastomotic stenosis 1
Hepatocellular carcinoma 1
Hemorrhagic gastric ulcer 1
Fig 3. Comparison of event-free survival curves of patients with
(n  15) or without (n  14) postoperative hypertension. A
log-rank test showed a significant difference between the two
groups. The number of patients alive at the beginning of each
follow-up period is given in parentheses.end-to-end anastomosis or short graft interposition.The abnormal hemodynamics were corrected by surgi-
cal treatment in 33 patients in our series, including 29 who
demonstrated hypertension in the upper half of the body.
The operative mortality of 12.1%, all of which occurred
before 1968, is quite satisfactory. The long-term survival of
78% at 10 years was almost equivalent to the series reported
by Ishikawa14 that dealt with surgically treated TA with
major complications.
It was also satisfactory considering that many of our
patients also had hypertension as a major complication, as
four complications (Takayasu’s retinopathy, hypertension,
aortic regurgitation, and aneurysm) have been reported to
be factors for a poor prognosis for patients with TA,14 and
that if untreated, complications of hypertension are pro-
gressive, with death usually occurring as a result of cardiac
failure or cerebral hemorrhage in the fourth decade.10,15
Further, long-term survival in our series was not inferior to
the reports of DeBakey et al16 and Kirklin,17 who reported
results of descending aortic replacement in the near time
period, although we can not make a direct comparison
because of the differences in patient background, including
age and comorbidities.
On the other hand, the incidence of anastomotic aneu-
rysm in the present study was greater compared with other
reports of TA overall,14 aortoiliac occlusive disease,18 and
abdominal aortic aneurysm.19 We speculated that contrib-
uting to our results was the combination of such factors as
hypertension, mechanical stress caused by the method of
extra-anatomic anastomosis, degradation of suture and
graft materials, and longer suture lines than those used in
small artery reconstruction, all of which are reported as
causes of an anastomotic aneurysm. The involvement of TA
itself and active inflammation in the formation of an anas-
tomotic aneurysm remain controversial; however, we think
that they have only a little or no influence, as Miyata et al20
reported previously.
As for event-free survival, our data showed that hyper-
tension, which was not completely resolved by surgery in as
many as 56% of hypertensive cases, resulted in a high
incidence of remote events. This result is far different from
the study by Cohen et al,10 who reported that 96% of
surgically treated patients were normotensive or had easily
controllable hypertension postoperatively.
The contrasting results presumably arose from the dif-
Time of occurrence after surgery (yrs)
2.0, 2.4,5.8,7.9,10.3,12.0,25.2,30.0,33.5,37.0
4.3, 9.6,15.5
0.7, 1.0,16.0
28.0, 37.5
21.0, 37.5
28.9
7.9
10.7
31.8riodference in the etiology of AAC. TA, which accounted for all
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the aorta itself, in both a contiguous and noncontiguous
manner. In congenital hypoplasia, which occurred in most
of the Cohen series, lesions are usually localized in the
abdominal aorta and visceral branches. Further, lesions may
progress after surgery in patients with TA but not in con-
genital hypoplasia. Stenosis in renal arteries causes renovas-
cular hypertension through the renin-angiotensin-aldoste-
rone system.
We considered that the failure to depict renal artery
stenosis might have resulted in postoperative hypertension
in some of our patients. In addition, stenosis in the carotid
arteries can cause secondary hypertension through barore-
ceptors in the carotid sinus and sympathetic nerve system.21
We also speculated that a significantly reduced compliance
of the arterial system because of a broad range of arterial
involvement might have been an independent cause of
hypertension. Further, although our data showed no cor-
relation between the graft size and the late events, bypass
surgery with a small caliber graft could not completely
relieve the overload of the left ventricle even if it could
resolve hypertension.
Conclusions
Surgical treatment for Takayasu patients with AAC at
our institution over a period of 44 years was found to be
successful in terms of survival. However, late complications
in the circulatory system were encountered frequently and
at any time after surgery, with postoperative hypertension
an independent predictor. To surgically treat AAC and to
also manage hypertension, we therefore recommend an
intimate preoperative evaluation of the causes of hyperten-
sion by assessing arch vessels and renal arteries and life-long
follow-up with diagnostic imaging to detect complications
and progression of the lesions.
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